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Background: Role-substitution describes a model of dental care where Dental Care Professionals (DCPs) provide
some of the clinical activity previously undertaken by General Dental Practitioners. This has the potential to increase
technical efficiency, the capacity to care and reduce costs. Technical efficiency is defined as the production of the
maximum amount of output from a given amount of input so that the service operates at the production frontier
i.e. optimal level of productivity. Academic research into technical efficiency is becoming increasingly utilised in
health care, although no studies have investigated the efficiency of NHS dentistry or role-substitution in high-street
dental practices. The aim of this study is to examine the barriers and enablers that exist for role-substitution in
general dental practices in the NHS and to determine the most technically efficient model for role-substitution.
Methods/design: A screening questionnaire will be sent to DCPs to determine the type and location of role-
substitutive models employed in NHS dental practices in the United Kingdom (UK). Semi-structured interviews will
then be conducted with practice owners, DCPs and patients at selected sites identified by the questionnaire. Detail
will be recorded about the organisational structure of the dental team, the number of NHS hours worked and the
clinical activity undertaken. The interviews will continue until saturation and will record the views and attitudes of
the members of the dental team. Final numbers of interviews will be determined by saturation.
The second work-stream will examine the technical efficiency of the selected practices using Data Envelopment
Analysis and Stochastic Frontier Modeling. The former is a non-parametric technique and is considered to be a
highly flexible approach for applied health applications. The latter is parametric and is based on frontier regression
models that estimate a conventional cost function.
Discussion: Maximising health for a given level and mix of resources is an ethical imperative for health service
planners. This study will determine the technical efficiency of role-substitution and so address one of the key
recommendations of the Independent Review of NHS dentistry in England.Background
Maximising health for a given level and mix of resources
is an ethical imperative for health service planners [1].
In 2009, the Independent Review of National Health Ser-
vice (NHS) dentistry in England concluded that there
was an overwhelming need to make best use of the
whole dental workforce [2]. As a result, the Department
of Health (DH) began piloting a new NHS dental con-
tract in 2010, with an “emphasis on prevention while
meeting patients’ treatment needs more effectively” [3].* Correspondence: paul.brocklehurst@manchester.ac.uk
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ture requirements of the NHS is imperative and Birch
argues that four underlying determinants are key: size of
the population, the level of disease (or need for care) in
this population, the level of service required to address
this need and the technical efficiency of the workforce
[4]. Whilst the former two lie outside of the control of
health service planners, the latter are subject to change
and one aspect of technical efficiency (productivity) that
is under-utilised in dentistry is role-substitution. Role-
substitution describes a model of care in which Dental
Care Professionals (DCPs) provide the clinical activity
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tential to increase technical efficiency, increase the cap-
acity to care and reduce service costs.
Technical efficiency is defined as the production of the
maximum amount of output from a given amount of input
[6] so that the service operates at the production frontier
i.e. optimal level of productivity. Academic research into
technical efficiency is becoming increasingly utilised in
health care [7], although no studies have investigated the
efficiency of NHS dentistry or examined the impact of
role-substitution in high-street dental practices. Instead,
NHS dental service provision has developed historically,
with levels of future service provision being determined
by past levels of activity, at a time when disease levels at a
population level are reducing [8]. This mismatch between
service provision and disease experience has been allowed
to continue and is influenced by a number of factors in-
cluding the political influence of the profession, a confla-
tion between dental need and demand for dental services
and supplier induced demand [9]. Given the projected
improvement in the oral health of the population [8], this
disparity between the level of service provision and level
of dental need is likely to deteriorate further. If this issue is
not addressed, NHS resources could continue to be devoted
to the use of highly paid and skilled providers to perform
relatively simple tasks on an increasingly healthy practice
population that less costly staff are competent to carry out.
Unlike their medical counterparts, who receive substan-
tial support from the NHS for investment in both capital
and labour expenditure, high-street dental practices oper-
ate as small independent discrete enterprises, where prof-
itability and an adequate cash-flow are essential for
survival. As a result, GDPs are very sensitive to incentives
within the dental contract [10-12], although intrinsic mo-
tivation and professional standards can also be important
moderators [13]. Retrospective fee-for-service systems
have been shown to lead to over-treatment in order to
maximize profit [9,11,14]. Prospective per-capita systems
reduces the financial risk for the third party payer, but at
the cost of patient-selection (“skimping” and “dumping”)
and under-treatment [15,16].
Empirical research from medicine suggests that appro-
priately trained nurses can deliver high quality care that
matches medics in preventive health care, routine
follow-up of patients with long term conditions and as
the first contact for people with minor illness [17-19].
However, efficiency gains are only possible if doctors
stop carrying out the tasks delegated to nurses and focus
on tasks which only they can perform [20].
Study aim
The aim of this study is to explore the barriers and en-
ablers to role-substitution from the perspective of high-
street GDPs, DCPs and patients. In addition, it aims todetermine the technical efficiency of using role-
substitution in high-street dental practices in the NHS
in the United Kingdom.Study objectives
The objectives are to:
1. Conduct a cross-sectional study to determine the
current working patterns of DCPs in NHS high-
street dental practices across the UK.
2. To undertake semi-structured interviews with GDPs,
DCPs and patients to explore barriers/enablers to the
greater use of role-substitution; interviews will also be
used to develop an understanding of the configuration
of the dental team, collect the input data (NHS hours
worked) and gain consent to collect the output data.
3. Collect the output data (clinical activity) from the
relevant NHS contracting authority.
4. Use Data Envelopment Analysis (DEA) to identify
the prevailing level of outputs that are produced by
the inputs to determine the role-substitutive model
that lies closest to the production possibilities
frontier i.e. optimal service design.
5. Undertake Stochastic Frontier Modeling (SFM) to
assess the external validity of DEA.
6. Examine how the technical efficiency of the different
role-substitutive models varies across different
retrospective and prospective payment systems for
adults and children in the UK.Methods
The study received ethical approval from the North Wales
Research Ethics Committee (Central & East) (REC - 12/
WA/0403; IRAS - 114876).Work-stream One
Sample frame
Different models of role-substitution will be identified
by tracing DCP utilisation with an initial screening ques-
tionnaire sent to all members of the British Society of
Dental Hygiene and Therapy. This will provide data on
the working patterns and the extent and type of role-
substitution used in different high-street dental practices
working within the NHS. It will also enable the location
of the different models to be mapped using ArcGIS soft-
ware and the social deprivation of the area where the
practice resides to be determined. NHS dental practices
that utilise role-substitution will then be purposively
sampled on the basis of the most commonly used
models, taking account of the type of remuneration sys-
tem employed, their geographic location and the level of
deprivation.
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Following consent, a member of the research team will
embed themselves in the selected high-street NHS den-
tal practices.
Data collection
Semi-structured interviews will be undertaken with both
the principal GDP and the DCP from each NHS practice
to determine the barriers and enablers to role-substitution.
Accounts will not be automatically privileged and will be
contrasted with observations made by the researcher,
which will be recorded in situ.
The interviews will continue until saturation and will
also record the organisational structure of the role-
substitutive model employed and the number of NHS
hours worked by the team (input data). Consent will also
be sought to enable the relevant NHS contracting au-
thority to be contacted for each practice in order to col-
lect their levels of clinical activity (output data).
Patients will also be interviewed in each practice to de-
termine the impact social acceptability could have on
the organisation and efficiency of services that utilise
role-substitution. Letters will be sent out to a random
sample of adult patients who are due to attend when the
GDP and DCPs are being interviewed. The letters, informa-
tion sheets and consent forms will be sent two weeks in
advance to enable an opportunity for the patients to ask
any questions. Patients will be asked to return their consent
forms prior to their appointment in the stamped addressed
enveloped provided to ensure that an appointment with the
interviewer can be made at the practice around the time of
their dental appointment to minimize inconvenience.
Data analysis
Data collection and analysis will run concurrently to facili-
tate constant comparative analysis. The initial coding frame
will be developed from the first five interviews, depending
on the number of themes identified. This will enable any
potential issues to be identified at an early stage, which can
then be discussed and reconciled. The recording from each
interview will be transcribed verbatim and entered into
NVivo on a personal computer. Thematic analysis will be
undertaken in accordance with the recommendations of
Braun & Clarke to develop a coding frame [21]:
1. The research team will immerse themselves in the
data by reading and re-reading the transcriptions
and noting down emerging ideas and patterns.
2. Initial codes will be generated by noting interesting
features in the raw data in a systematic fashion
across the entire data set.
3. The codes will then be collated into potential
themes by looking for similarities and differences
across the codes generated.4. Themes will then be checked against the coded
extracts and the raw data to ensure that they form a
coherent pattern and are representative of what the
participants were trying to convey.
5. The themes will then be examined to see how they
form a coherent system of meaning and a thematic
‘map’ of the codes will be generated showing their
inter-relation.
6. Vivid and representative examples of each theme
code and theme will be then selected that relate to
the research question.
To facilitate triangulation, the transcripts will be read
separately by the research team separately [22]. These
will then be pooled and edited to produce the final ver-
sion of the coding frame, with any disputes being re-
solved using a majority voting system.
As the results of Workstream Two become known, the
thematic analysis will be re-examined to determine
whether there are any systematic differences between the
efficient, indifferent and inefficient practices identified.
Work-stream Two
Theoretical framework
DEA identifies the prevailing level of outputs that can be
produced by a given level of inputs and so determines
which substitutive model lies closest to the production pos-
sibilities frontier. It is a non-parametric technique that uses
a linear-segmented efficiency frontier and a linear program-
ming methodology [23,24]. It requires few assumptions to
be satisfied and is considered to be a highly flexible ap-
proach that has been used in a range of pragmatic health
applications [23,24]. Unlike parametric techniques, DEA
can determine the relative efficiency of different models
and can be undertaken without explicitly specifying the for-
mal relations between inputs and outputs a priori [25].
SFM is parametric and is based on frontier regression
models that estimate a conventional cost function. Re-
siduals then form the measurement of efficiency and the
error term is divided into a stochastic error term and a
systematic inefficiency term. SFM has the advantage
over DEA in that error is accounted for. However, there
are a number of disadvantages: assumptions made about
the inefficiency term in the model can be restrictive, the
approach can confuse statistical noise with inefficiency;
further analysis is sometimes required to separate the
different components of the inefficiency term to deter-
mine technical efficiency [23,26,27]. As a result,
Hollingsworth and Peacock recommend that the exter-
nal validity of a technical efficiency model should be
tested; this will be done by comparing efficiency assess-
ments across both DEA and SFM using the same data
[28]. This will also be triangulated with the results from
Workstream One.
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The input and output data collected from Workstream
One will be used to undertake the DEA and SFM.
Data collection
The organisational structure of the dental team and the
number of NHS hours worked will be collected by
Workstream One and will be used as the input data in
the DEA and SFM. For the output data, intermediate
measures of patient care will be utilized i.e. clinical activ-
ity rather than health gain. This is similar to the ap-
proach adopted in studies of technical efficiency in
medicine, given that health outcomes are more difficult
to determine over a short time frame and can be
influenced by a number of factors that are external to
the health care delivery system e.g. social deprivation [1].
Data analysis
Efficiency in DEA is defined as the ratio of the weighted
sum of outputs to its weighted sum of inputs [29]. The
weights are specific to each unit so that 0 ≤ “role-substi-
tutive model” ≤ 1 and a value of unity implies complete
technical efficiency relative to the other models under
scrutiny. Since the weights are not known a priori, they
are calculated from the efficiency frontier by comparing
one model with another [30]. DEA computes all possible
sets of weights which satisfy all constraints and produces
the highest efficiency score. This will be stated as a
mathematical linear programming problem by constraining
the numerator (output) of the efficiency ratio to be equal
to one and minimizing the weighted input [30]. The
model will be solved by giving each role-substitutive
model in the sample an efficiency score. The model will
compute the factor Z needed to reduce the input of each
model to a frontier formed by the remaining models and
will be efficient if Z equals one. This composite unit pro-
vides targets for the inefficient unit and Z represents the
maximum inputs in a service specification that maintains
current output [30].
The analysis will be conducted following the general
guidance by Hollingsworth [1]. Technical efficiency will
be determined across a range of outputs based on the
“vital signs” and activity data. Role-substitution will be
considered inefficient if the optimal value for the linear
programming problem is less than one. If the optimal
value is equal to one and if positive optimal multipliers
exist then the model will be considered efficient. Im-
provements in efficiency will then be explored by a pro-
portional reduction of inputs. Efficient, indifferent and
inefficient models will be identified and related back to
the results of Workstream One.
Stochastic frontier modeling will estimate the effi-
ciency function using a frontier regression model. The
standard error will then be used to make assessments ofhow far each role-substitutive model differs from the
most efficient use of role-substitution. Estimates of dif-
ferences between efficiency will be analysed and
interpreted.
The results of both the DEA and SFM will be triangu-
lated with the results of Workstream one and
interpreted accordingly. Both DEA and SFM are econo-
metric modeling techniques and as such, do not require
a formal power calculation. They do not test a statistical
hypothesis based on a frequentist approach.Discussion
Given the ad hoc approach to dental service organization
in the NHS, it is important to determine the most technic-
ally efficient model for role-substitution, a priori. In den-
tistry, role-substitution has the potential to increase
efficiency and effectiveness in service provision [31] and
increase the capacity to care [32], although this may be
situation specific [33]. Therefore, it is not only critical to
determine the most technically efficient role-substitutive
models, it is equally important to explore the values of pol-
icy makers and providers to determine the factors affecting
the implementation of such innovative designs and how
patients would view such a change in service design [1].
This study will be the first in dentistry to examine the
technical efficiency of service provision and has been
supported by a National Institute for Health Research’s
Health Services and Delivery Research grant (11/1025/
04). It has the potential to make a specific contribution
to the future commissioning of services across the UK
and the development of the new NHS dental contract in
England and Wales. It will inform professional groups of
the most optimum design, a critical issue for practice
principals in England and Wales as income will be
capped under the proposed prospective payment system.
It will enable a framework for innovation to be devel-
oped to transform service delivery and will be of direct
relevance to policy makers and health service planners.Competing interests
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